Abstract. This paper presents a method for analyzing the effect of implementing an enterprise system (ES) in the construction industry during the ES introduction and planning stages. The effect is a reduction in employees' work time. The proposed method is based on the 1) level of digitalized and automated activities, the 2) complexity of the activities, and the 3) complexity of the processes in the workflow. The method was applied at a construction company that has no enterprise resource planning (ERP), and the method's accuracy was evaluated by information technology consultants who have performed planning, construction, and operation in relation to ERP. The result shows that the effect of management business was the largest; most of this effect was on data management and review. After users became familiar with ERP, the reduction in data input time increased. The analysis method takes less time and costs less than using surveys to measure the work time and satisfaction of ES users. It can also identify processes in which the effect increases or decreases, thereby guiding any modifications of the ES before it is introduced.
Introduction
The rate at which companies in South Korea have invested in information technology (IT) has been increasing steadily (National IT Industry Promotion Agency 2008 . Many previous studies proposed success factors and strategies to ensure efficiency when investing in enterprise system (ES) implementation (Mamoghli et al. 2015; Ngai et al. 2008) , but few previous studies proposed a method to analyze the effect of IT implementation. ES is the type of customized IT system for requirements and unique processes of company (Lee, C., Lee, C. 2017) . Rather, previous studies proposed a method to analyze the effect after ES was implemented, but not before (Chen et al. 2006; Shao, Lin 2002) . In practical methods, the effect of implementing ES has been analyzed by measuring the time required to complete a sample task and by interviewing users. Companies that have not implemented ES in the past cannot apply these methods because they are applied after the implementation of ES. Thus, this approach is not useful in helping businesses evaluate whether adopting ES is profitable. This study proposes a method to analyze the effect of implementing ES, and it can be used by companies during the planning stages when they are deciding whether to implement ES. In this study, the effect of ES implementation is a reduction in working time.
The proposed method analyzes a change in the complexity of activities after an ES implementation. The change must be analyzed not for individual processes but for the entire set of processes (Hannula 2002) , because a system is defined as a body unified by interconnecting processes and activities in terms of system theory (Agrell, Wikner 1996; Ducq et al. 2012) . In this study, a process map (Figure 1 ) is used to help in the effect analysis to show the information flow before and after ES implementation based on the processes and activities in the workflow. The method is intended to be used by companies that have not previously implemented a similar ES because they have difficulty analyzing its effect. Especially, the usefulness of the method could be high for construction companies, because they have less experience with ES implementation than do manufacturing companies. This is because construction companies form separate organizational cultures at their headquarters and on construction sites, which are organized according to unique units and temporary projects (Lu, Wong 2007; Riley, Clare-Brown 2001) . This paper consists of three components. First, the necessity of the study is explained by reviewing the literature on ES implementation and its effect. Second, the proposed method of analyzing the effect based on the complexity of activities is explained. Third, the method is applied to a construction company that was considering implementing ES in the past and is doing so in the present. The results were evaluated by IT consultants who have been involved in the complete process of ES implementation.
Literature review
Most previous studies that analyzed the factors of ES system implementation success (Ahmad, Pinedo Cuenca 2013; Chou, Chang 2008; Ha, Ahn 2014; Hsu et al. 2015; Li et al. 2017; Nagpal et al. 2017; Nwankpa 2015; Ram et al. 2013; Ruivo et al. 2014; Soja 2009; Zhu et al. 2010) and the causality between ES implementation and its effect (Anderson et al. 2011; Badescu, Garcés-Ayerbe 2009; Galy, Sauceda 2014; Holsapple et al. 2017; Hu, Quan 2005; Livermore, Rippa 2011; Lu, Jinghua 2012; Nicolaou, Bhattacharya 2006; Ranjan et al. 2017; Swierczek, Shrestha 2003; Uwizeyemungu, Raymond 2012) proposed quantitative methods to analyze the effect of an ES after its implementation (Chang et al. 2011; Chen et al. 2006; Holsapple, Sena 2001; Lemonakis et al. 2018; Parthasarathy, Sharma 2016; Shao, Lin 2002; Usmanij et al. 2013; Uwizeyemungu, Raymond 2009; Wei 2008 ) and analyzed the possibility for success of ES (Chang et al. 2012; Hadidi et al. 2017; Hakim, A., Hakim, H. 2010; Ibrahim et al. 2018; Lee, C., Lee, C. 2017; Parhizkar, Comuzzi 2017; Parthasarathy, Sharma 2017; Subramanian, Peslak 2010; Sun et al. 2015) . In contrast, the present study proposes a method to analyze the effect of ES implementation. The purpose of the method is to help companies decide whether to implement ES. The proposed method can be applied in the planning stages, so it is distinct from the methods used in previous studies.
Previously, critical success factors (CSFs) of ES implementation were proposed and analyzed (Table 1) . For an analysis of the relation between factors, Chou and Chang (2008) , Nagpal et al. (2017) and Zhu et al. (2010) derived impact factors from the benefits of ERP implementation and CSFs, and they analyzed interrelation and interdependence. Although one previous study did not analyze the relation between selected factors, Ruivo et al. (2014) selected factors that had an impact on ERP use and value, and they analyzed the causality between them. Then, the previous study analyzed whether ERP use impacts ERP value.
Previous studies related to the impact of CSFs are divided into management and system perspectives. For a management perspective, based on the determined CSFs, Ha and Ahn (2014) analyzed the impact on business process performance; Li et al. (2017) analyzed the impact on strategic alignment, risk management, resource management; and Ram et al. (2013) analyzed the relation with organization performance. Soja (2009) analyzed the greatest impact on the success of ES implementation. Meanwhile, for a system perspective, Hsu et al. (2015) analyzed the impact of differences in system, service, and information on ERP success. Nwankpa (2015) analyzed the impact of technical resources, organizational fit, and the extent of ERP implementation on ERP use and its benefits. Meanwhile, Ahmad and Pinedo Cuenca (2013) analyzed the impact of CSFs on organizational and operational performance in small and medium-sized companies in terms of both management and system perspectives.
These previous studies differ from this study in that this study offers a quantitative analysis of the effect of ES implementation, because previous studies aimed to derive the success factors that impact ES implementation.
In the previous studies, the causality between the ES and an implementation effect was analyzed differently according to the field and time of analysis ( Table 2 ). The previous studies are divided into financial performance and Hsu et al. (2015) , Li et al. (2017) , Nwankpa (2015) , Ram et al. (2013) , Soja (2009) An impact analysis of the implementation output of an ES after determination of CSFs non-financial performance. For causality with financial performance, Anderson et al. (2011), Nicolaou and Bhattacharya (2006) and Galy and Sauceda (2014) analyzed the impact of ERP implementation on financial performance and the causality between them. Swierczek and Shrestha (2003) analyzed how investment in ES reduced cost and risk, as well as improved customer service, stabilized the customer base, and increased market share; ES investment was associated with an increase in net profit and asset increases, although the effect was difficult to quantify. For causality with non-financial performance, Badescu and Garcés-Ayerbe (2009) and Hu and Quan (2005) analyzed a relation between ES investment and productivity improvement. Holsapple et al. (2017) and Uwizeyemungu and Raymond (2012) analyzed the effect of ERP implementation in terms of business support processes. Ranjan et al. (2017) assessed the impact of new technology, such as cloud computing and social network computing, on ERP use considering non-financial (employee, process, customer) and financial performances. Although the effect was not analyzed according to ES implementation, Livermore and Rippa (2011) and Lu and Jinghua (2012) analyzed the impact of moderating factors, such as national culture and industry growth, on ERP implementation. The cause-and-effect relationship of introducing ES was not consistent, so identifying consistent criteria to decide whether to implement ES is difficult.
The methods used in previous studies to analyze effect could be applied only after the implementation of ES (Table 3). These previous studies (Table 3 ) have higher relevance to this study than the previous studies related to CSFs (Table 1 ) and causality analysis (Table 2) .
For an efficiency evaluation of the ES, Chang et al. (2011) determined a key performance index (KPI) for the evaluation of an ERP system and proposed a method of efficiency evaluation based on the balanced scorecard (BSC) in management and support stage of the system. BSC is a performance management method using finance, customers, internal business processes, learning, and growth for the organizational vision and strategy. To maximize the efficiency of ES-related resource allocation, the method proposed by Chen et al. (2006) used the data envelopment analysis (DEA). The DEA is used when a relative efficiency of analysis target is evaluated by comparing with the input and output. Parthasarathy and Sharma (2016) analyzed the efficiency of an ERP package and the relation between the efficiency and level of customization. Shao and Lin (2002) proposed a model composed of DEA and the Tobit model and applied the combination to the production process. The DEA was used to measure technical efficiency, while the Tobit model was used to identify a possible causal relationship between the dependent and independent variables; the model was used to determine the existence of a causal relationship between ES investment and efficiency.
For the effect analysis, Holsapple and Sena (2001) analyzed managers' perceptions and the importance of the benefits and obstacle factors about decision-support benefits according to the implementation of an enterprise system. Lemonakis et al. (2018) analyzed a potential change in administrative accounting and internal control based on the effect of ERP use. Uwizeyemungu and Raymond (2009) analyzed the impact of ERP on organizational performance using a combination method with the process and scorecard model. Wei (2008) proposed a comprehensive framework for evaluating ERP performance by weighted project management, system, vendor, and impact. Furthermore, Usmanij et al. (2013) analyzed the relation between users' satisfaction and human-centered ERP implementation such as process, syntactic, semantic, social, and pragmatic.
However, much time and effort are necessary to analyze the effect of ES implementation; this effort complicates the measurement of the effect on workflow before and after ES implementation. Furthermore, because these previous studies can analyze the effect of ES introduced after the implementation, previous studies and this study differ.
Lastly, previous studies analyzed the possibility of success or proposed a method to improve the possibility of success (Table 4) . To analyze the possibility of success, Chang et al. (2012) selected factors that impact ERP implementation, analyzed the grade of output using weighting, and predicted the possibility of success. Parhizkar and Comuzzi (2017) identified that a modification development after ERP implementation leads to a decrease in ERP system and data quality, having a negative impact on organizational performance. Subramanian and Peslak (2010) analyzed users' perceptions of ERP success. The users perceived that the effect of ERP is negative during the transition and maintenance stages among all ERP stages, such as To improve the possibility of success, Hadidi et al. (2017) introduced a decision-making method that determines the priorities of ERP modules to improve suitability to construction companies. Hakim, A. and Hakim, H. (2010) proposed a method for selecting a suitable ERP system that can reflect the purpose of the introduction, as well as the strategies of the company, effect of the introduction, risk factors, technical feasibility, and internal requirements. Ibrahim et al. (2018) and Parthasarathy and Daneva (2016) analyzed a priority of collected requirements and proposed a decision model of a level and method of customization. In addition, for customization, Parthasarathy and Sharma (2017) analyzed the effect of ERP customization on software quality. Lee, C. and Lee, C. (2017) proposed a method to improve the effect of implementing an enterprise system by improving suitability. Sun et al. (2015) derived KPIs based on previous studies, then analyzed weighting, and proposed an application method for an organizational readiness assessment, ERP selection, ERP implementation, ERP final preparation, and ERP live run stages. If the performance is lower than expected, remedial action is also proposed.
In this study, the proposed method that analyzes the quantity effect before ES implementation is similar to the method of these previous studies that analyze the possibility of success. However, the method of the previous studies is difficult to apply before ES implementation and requires much time and effort. Furthermore, the other cases should be similar to the past case, when the success possibility was predicted using the method of previous studies for other cases.
The previous studies about the effect of implementing ES: 1) only involved analysis after ES implementation and 2) required significant time and money. The present study proposes a method that can be applied in the planning stages to analyze the effect of changes before ES is implemented. The proposed method is based on the complexity of the activities and processes shown on the process map. The required time and cost are less than for the practical method, because actual work time is not measured and no interviews or surveys are conducted. The research model of this study is explained in the following three sections.
The proposed method for reducing working time
A process consists of activities that are performed by work units, as well as systems to support the activities, approval and decision, and other organizations and processes related to the activities (Figure 2 ). If related processes or organizations do not complete tasks on time, subsequent tasks are also delayed. Thus, work complexity is effected by related processes and organizations. In this study, the complexity of activities considered the number of related processes and organizations.
Analyses of the effect by comparing processes one-toone before ES implementation (as-is process) to processes after ES implementation (to-be process) generally achieved high accuracy. However, one-to-one comparison methods require much time and cost. In addition, an activity included in the as-is processes may not have a corresponding activity in the to-be process, and vice versa. For example (Figure 2 ), the as-is processes for "countermeasure for progress control and process recovery" are divided into to-be processes for "construction plan review" and "scheduling management". However, activities that were included in asis processes may not be the same as activities included in to-be processes. The "establishment/discussion of scheduling plan" activities in the as-is processes are changed to 1) request for construction plan, 2) review of the construction plan, and 3) registration of the construction plans in the to-be processes. The "request construction plan" step of the to-be process is not an activity drawn from the as-is processes as the "establishment/discussion of scheduling plan"; rather, it is an activity drawn from the "establishment and management of accomplishment plans", which are other processes.
This study proposes a method to analyze the effect that considers a process map, not one-to-one comparison. The method consists of five steps (Figure 3) . First, define and analyze the level of digitalized and automated activities by the ES implementation. Second, analyze work complexity based on the numbers of other processes and organizations related to activities. Third, analyze work complexity based on the numbers of processes and organizations related to processes. Fourth, integrate the level of digitalized and automated activities and the complexity of activities and processes. Finally, analyze employees' workload using implemented IT in the total work process.
Definition and analysis of automated and digitalized activities
In this study, the activities affected by ES implementation were divided into 'digitalized' and 'automated' (Table 5). Digitalized activities are partially performed by ES in place of manual method, and they are then passed on to linked activities to be completed by manual method. Automated activities are completed by ES and not carried over to other linked activities. Sun et al. (2015) Analysis of the possibility of success Hadidi et al. (2017) , Hakim, A. and Hakim, H. (2010) , Ibrahim et al. (2018) , Lee, C. and Lee, C. (2017) , Parthasarathy and Daneva (2016) , Parthasarathy and Sharma (2017) , Sun et al. (2015) Method to improve the possibility of success
Compared to activities that were performed by manual method previously, the effect on activities automated by ES implementation can be considered 100%. However, the effect on digitalized activities can vary from 1-99%, depending on the level of digitalized activities; the effect is difficult to quantify. To analyze uncertain boundaries, this study applied fuzzy theory, which is used to convert ambiguous information into useful information (Ustundag, Cevikcan 2016; Yazdani-Chamzini 2014) , and the criteria for ES implementation effects are defined for the classification of the levels of digitalization and automation (Table 6). The effect of ES implementation on each automated activity was defined as '1' for digitalized activities, where the weighted values were calculated by applying triangular fuzzy numbers based on the levels of digitalization. The Figure 2. Example of a process map and a change from an as-is process to a to-be process triangular fuzzy numbers are expressed as three points; thus, they can be easily approached conceptually and can be easily analyzed mathematically (Abdul-Rahman et al. 2013; Xu, Feng 2015) .
Weighting-based activity complexity
Activity complexity is quantified by the number of processes and organizations related to the digitalized and automated activities after ES implementation. If activities are associated with other organizations related to work (e.g., owner, contractor, sub-contractor, other processes), the work complexity increases; if activities are not associated with other organizations, the work complexity is low. The activity complexity can be analyzed using Eqns (1)- (3):
as-is /(1 + a as-is ), α to-be = c to-be /(1 + a to-be ); (1) β as-is = c as-is / (1 + b as-is ), β to-be = c as-is / (1 + b to-be ); (2)
where: α -weighting of other processes related to digitalized/automated activities; β -weighting of other organizations related to digitalized/automated activities; anumber of other processes related to the relevant activity; b -number of other organizations related to the relevant activity; c -number of digitalized and automated activities; W activity -weighting reflecting activity complexity. Equation (1) uses the method of weighting based on the number of other processes related to digitalized and automated activities. The number c of digitalized and automated activities in as-is or to-be processes is divided by (1+a), where a is the number of processes related to the activities; '1' is added to account for cases that have no related process. Eqn (2) uses the method of weighting based on the number of other related organizations, and it is similar to Eqn (1). Eqn (3) averages the outputs of Eqn (1) and Eqn (2).
Weighting based on process complexity
A process complexity analysis is quantified by the number of activities, processes, and organizations related to all activities in the processes. Analyses assigned weights in proportion to process complexity for all activities that do not directly affect the digitalized and automated activities, but which may have indirect effects if they are delayed or discontinued by including them in the same or similar processes. Weighting based on process complexity can be analyzed using Eqns (4)- (6): (6) where: γ -weighting that represents process complexity; d -relative weighting of process Level 1; e -relative weighting of process Level 2; f -relative weighting of process Level 3; W process -weighting based on complexity of all activities included in the entire processes; δ -number of other processes related to all activities included in the entire processes; ε -number of other organizations related to all activities included in the entire process. Equation (4) assigns weightings based on the numbers of processes and organizations related to all activities included in the processes; it is divided by 2 to yield the average value of processes and organizations related to the activity; '1' is added to prevent the process-weighted values analyzed in Eqns (4) and (5) from becoming '0' .
Equations (5) and (6) are used to analyze the complexity-weighted values based on the numbers of activities included in the individual processes in the entire hierarchized process. This is similar to the analytic hierarchy process (AHP), by which the relative importance for selection of optimal alternative based on hierarchy of effect factors. The analyzed importance of an upper level is given a weighted value to the lower level (Saaty 1990 ). For example, if hierarchies of processes are composed of Levels 1, 2, and 3, then to analyze relative ratios, the number of all activities included in Level 1 processes is calculated (Figure 4 ). This is because it is affected by the total number of activities in the whole process, and the increase in work complexity is affected by the number of activities and processes and the number of organizations related to the corresponding process levels. Next, the relative ratios of complexity at Level 1 were therefore given to individual Level 2 processes, and the values were again given to Level 3 processes as weighted values. That is, if the relative complexity ratios of Level 1 and Level 2 are 15.90% and 11.21%, respectively, activities that constitute Level 3 will have the weighted value of 1.78%, which is a relative weighting based on the complexity of the activities and processes. Relative weighting is the basic value used in the integrated analysis in the next section. Table 6 . Classification criteria of the effects of automated and digitalized activities Division Effect Definition Automated 1.00 -Activities that do not require any additional manual method Digitalized 0.75 -Additional activities completed using manual method that are unaffected by previous activities -Each work is started and finished in their own one activity 0.50 -Additional activities completed using manual method that are affected by previous activities -Activities are implemented based on activities in previous stages, such as "analysis and writing" 0.25 -Additional activities completed using manual method require decision making, such as "approval and decision" -Activity performance is affected by the decisions of other organizations
Integrated analysis
The level of digitalized and automated activities, the activity, and the process-based complexity can be aggregated (Eqn (7)). First, because the number of activities in as-is processes differs from that in to-be processes, this study multiplies g by j, where g is the number of activities that are digitalized and automated as a result of ES implementation and j is the ratio of the numbers of activities in the two groups of processes (= to-be/as-is). Then, this study subtracts g × j from the number h of activities in the as-is processes. Second, because the number i of activities that are already digitalized and automated in as-is processes are not effects that can be obtained from ES implementation, then i is added. Third, to analyze the effects of to-be processes based on as-is processes, this study divides the above value by h, the number of all activities in as-is processes. Because the value calculated in this way is the ratio of activities not digitalized or automated, even when ES has been implemented, the change ratio of the effect of ES implementation can be analyzed by subtracting/deducting the calculated value from 1.
where: x -effect ratio of productivity by the level of digitalization and automation; g -the number of digitalized and automated activities of to-be processes; h -number of all activities in to-be processes; i -number of digitalized and automated activities of as-is processes; j -the ratio of total numbers of activities in to-be and as-is processes (= to-be/as-is).
Works analysis with applied ES
In the previous four steps, methods were proposed for analyzing the weighted values based on activity complexity and process complexity to analyze the effects of ES implementation. However, the implemented ES is not applied to all work processes. The effect is analyzed based only on the work to which ES is applied to ensure an accurate analysis.
Eqn (8) is a method for analyzing the share of the entirety of the work processes taken by the implemented ES. The number of activities that had already been digitalized and automated before ES was implemented (z_as-is) was multiplied by k, the ratio of the numbers of activities in the two groups of processes (= as-is/to-be). Then, the value is deducted from the number of digitalized and automated activities in to-be processes, reflecting activity and process complexity (z_to-be). The resultant value is divided by the sum of the total number of activities in to-be processes (l_to-be), and the number of digitalized and automated activities, including the final weighted value (-g_to-be + z_as-is), should be applied:
where: z to-be -number of digitalized/automated activities including the final weighted value in to-be processes; z as-is -number of digitalized/automated activities including the final weighted value in as-is processes; k -the ratio of the total number of activities in as-is and to-be processes (= as-is/to-be); l to-be -total number of activities in to-be processes; g to-be -total number of digitalized/automated activities in to-be processes.
The case study
In this section, the effect of ES implementation is analyzed by applying the proposed method to a case. Then, the meaning of the analysis result is evaluated through an interview with ES consultants who have participated in planning, construction, and operation of ES.
The case overview and analysis method
The method was applied to a construction company that had not had a similar ES implementation in the past. The construction company is located in Seoul, Korea, and it had ~ USD 5 billion in contracts between August 2011 and September 2012. The business field of this company includes construction, plant, environment, and construction management (CM). The number of employees is ~2,000. The ES that was considered for adoption was enterprise resource planning (ERP). The ERP was established in 2014, and operation began in 2015. The entire tobe process was classified into three steps (Levels 1, 2, and 3) (Figure 4 ). The level of digitalization and automation and of activity and process complexity were analyzed at process Level 3, which is the time point at which the processes are completed. The analysis method used two steps:
1) The method is applied to Level 1 processes (Figure 4 ). This approach is used because Level 1 processes include contract business, construction business, and management business, which are the same in the asis and to-be processes.
2) The method is also applied to compare how the purpose of ES implementation affects its outcome. The purpose is determined through analyzing the process map for the case project, and the purpose is classified as follows: Figure 4 . Example process hierarchy of the contract business -Collection and requirement: application and acceptance; requirement and collection of data; -Input: input and change; planning and standard establishment; analysis and action; -Management: review, discussion and arrangement of input data; collaboration with other work; -Report: representing and reporting the arranged data -Consultation: approval request; -Approval: decide, execute orders; -Transmission and sharing: submit, notify, and share approval details. To evaluate the analysis of the result, this study used an interview method to extract the opinions of IT consultants who participated in the planning, construction, and operation of implemented ES.
Analysis of the effect of ES implementation
The effect of ES implementation on various work processes (Level 1) was analyzed. The implementation had a large effect on management business (141.16%) but small effects on other processes, such as business contract (5.44%) and construction project management (4.96%) ( Table 7 ). The interview with IT consultants suggests that the effect of management business is high, because the main task is review and collaboration based on input data on construction sites, whereas construction project management was not strongly affected because construction projects are composed of separate sites, so uniform management by ERP is difficult.
The effect of the purpose of ES implementation was analyzed (Table 8 ). The proposed method indicated large effects on input (22.45%) and management (16.79%), but the effects on collection/requirement (3.09%), report (1.03%), consultation (2.24%), approval (0.01%), and transmission (2.41%) were small. However, IT consultants evaluated all effects as low, except for management. Especially, they did not evaluate the effect on input as high, the reason being that users need time to adapt to a new system. After users become accustomed, the effect of input should increase.
The level of a total improved productivity is analyzed as 9.34% according to ERP implementation (Table 7 and  Table 8 ). For converting the improved productivity to an economic effect, the average annual salary per head is 
Conclusions
Improved business efficiency is expected when a company implements IT (National IT Industry Promotion Agency [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] [2016] . If the company that is considering implementing ES has implemented similar ES in the past, the effect of implementing ES can be analyzed approximately. However, construction companies that only recently implemented ES have insufficient data. The methods used by previous studies and the practical methods used to analyze the effect of implementing ES are applicable only after the implementation (Chen et al. 2006; Shao, Lin 2002) , and they are expensive and time-consuming to complete. This study proposed a method that can be used in the planning stages to analyze the effect (reduced working time) that results from the implementation of ES; the goal is to help companies decide whether to implement ES. The analysis criteria of the proposed method are the level of digitalized and automated activities and the complexity of the activities and processes. The proposed method was applied to a construction company that had constructed a process map for ES implementation and had completed the ES construction. First, the effect of ES implementation on processes was analyzed. The effect was high on management business but low on other processes. Next, the effect of the purpose of ES implementation was analyzed. The effect was high on the management of data but low on other process; especially, the effect on data input was low, because users were not accustomed to the implemented ERP. However, after users adapt to the ERP, the effect on input should increase.
The main contribution of this study is a method to analyze the effect in the planning stages prior to implementing ES. The proposed method will help construction companies decide whether to implement ES based on the quantitative expectation effect. Another contribution is the ability to identify processes in which working time will increase or decrease because construction companies can increase or decrease the investment based on the identified process and can modify the ES to improve the effect before implementation. Furthermore, functions of ES not appropriate for the company can be identified and modified before the ES is implemented. The proposed method requires less time and money than actual measurements, surveys, and interviews with ES users, because the analysis can be completed by one person in one day.
However, the process map for applying the proposed method is confidential data, because a significant cost is required to construct the process map. For this reason, this study did not collect the various process maps, and the proposed method did not apply to the various cases. This is the limitation of this study. In the future, the accuracy of the method will increase if more information is collected and the effect of ES implementation is quantified. Furthermore, after the implementation of an IT, a generating cost, such as maintenance cost during the life cycle, will be analyzed in future studies.
